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SUMMARY

Two rarely isolated Salmonella serovars, Salmo-
nella Teshie (belonged to Arizona group) and Sal-
monella Ferruch were examined for selected viru-
fence factors which may be operative in studied
serovars including pathogenesis in mice, Congo
red binding ability, production of heat-stable en-
lerotoxin, ¢vtotoxin, haemolysin and antibacterial
reststance. 1he obtained results indicated that oral
inoculation of mice with both serovars showed
distribution of Salmonella in their different inter-
nal organs at different intervals ranging from, 3
hrs up to 9 days post inoculation associated with
histopathological changes. Both serovars had
Congo red binding activity. S. Ferruch but not S.
Teshie produced heat-stable enterotoxin, Both
scrovars were not cytotoxic to Vero cells. Moreo-

cr, both serovars produced (-haemolysin, and

had multiple antibacterial resistance.
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INTRODUCTION

Infection with Salmonella in animals has a major
economic effects as well as the transmission of

the infection to human.

Salmonellac were responsible for several out-
breaks in bovines in different parts of the world
caiusing aboruon or other diseases ranging from
gastroenteritis to septicaemia with mortality i
some cases depending on the serovar of the bacte-
rium and the nature of the infected host

1972).

(Hinton,

Salmonella infection is usually associated with in-
adequate nutrition, poor hygienic measures or any
other stress factors (Steenkamer, 1966).

For the importance of Salmonella as a zoonotic

disease, its public heaith and animal wealth haz-



ards. this rescarch was therefore, carried out to
cxplore if the two rarely i1solated Salmonella sero-
vars (5. Ferruch and S. Teshie) have the same im-
portance as the other serovars of Salmonella. This
was achicved through the study of certain charac-
teristics that might be virulence markers includ-

tng:

* Pathogenesis ol Salmonella serovars Teshie and
Ferruch was studied in mice by oral infection
and re-isolation in addition to histopathological
examination of different organ tissues for de-
tection of pathological effects in internal or-
gans of the inoculated mice at different inter-
vals,

* Congo red binding ability.

* Baby mice assay for enterotoxin Production.

* Vero cell cytotoxicity.

* Production of haemolysin.

* Antibacterial resistance pattern.

MATERIAL AND METHODS

Bacterial serovars:

Two Salmonella serovars Ferruch  and Teshie
were studied. The first serovar, S. Ferruch was
isolated by Amal Ghoniem (ARRI) and sero-
typed at Animal Health Research Institute; this
scrovar was isolated from milk and internal or-
gans of newly born calves suffered from salmo-
nellosis and died suddenly as well as from other
mortalities in the same dairy farm. Whereas the

second scrovar Teshie belonged to Arizona group
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was isolated from raw meat by Saad et al. (1998)
and was serotyped at the Central Laboratory of

Ministry of Health, Egypt.

Bacteriological tests and serological typing of the
isolated Salmonella scrovars were carried out ac-
cording to Kauffman White scheme (Cruick-
shank et al (1975);

nam and Evans (1991).

Koneman et al (1983); Var-

Pathogenésis of Salmonella:

This test was carried out according to Weinsten et
al. (1984) in which seventy seven albino mice
were used in this experiment, five mice of which
were kept separately as a control group and the
other seventy two were divided into two groups.
Each group was inoculated with one serovar of

Salmonella.

Mice of each tested group were deprived of water
overnight and were given 25 (I 2 x 108 of I8

hours broth culture of Salmaonella.

The mice were left for 9 days post infection.
Three mice from each inoculum were sacrificed at
different intervals; 3 hrs, 6 hrs, 12 hes, 24 s, 2
days, 3 days and daily up to the 8th day. The re-
imaining mice were died at the 9th day post intec-

tion.

The internal organs of the inoculated mice includ-
ing heart, liver, spleen and intestine were divided

into two portions, one part was used lor bacterio-
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logical examination of Salmonella, whereas the
sceond part was put into 10% neutral buffered

formalin for histopathological cxamination.

Bacteriological examination of internal organs

of the inoculated mice:

The liver, spleen, heart and intestine of the inocu-
lated mice were bacteriologically examined. All
samples were cultured for detection of Salmonel-

I‘(L

Eact organ parts were immersed in 70% ethyl al-
cohol,  flammed, cut aseptically into small por-
vons and inoculated into buffered peptone water
for 24 hrs at 37°C. The culture was inoculated in
selenite F broth for {8 hrs at 37°C. The culture
wis then streaked onto S. S. agar and Endo agar
piates. incubated at 37°C for 24 hrs. Suspected
colonies were picked up. The obtained pure cul-
tures {rom separate colonies were subjected to bi-

ochemical tests (Koneman et al., 1983).

Congo red binding ability test (Berkhoff and
Vinal, 1980}):

S. Ferruch and 5. Teshie were grown onto Congo
red agar plates. The inoculated plates were incu-
bated ot 37C for 24 hrs, and then left at room
temperature for another 48 hrs and not exceed 4

days. Congo red positive serovars developed red
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colonies, whereas, Congo red negative organisims

showed white colonies.

Baby mice ‘assay for Detection of heat-stable cn-
terotoxin production (Guarino et al., 1987):

Baby mice assay was used for dectection of the
ability of the tested Salmonella serovars to pro-
duce heat-stable enterotoxins, this was through
the intragastric inoculation of suckling mice ( 1 o
3 days old) with 0.1 m! of the prepared tested tox-
in from Salmonella  scrovars. The inoculated
mice were sacrificed after four hrs post inocula-
tion. The ratio between intestinal weight to the re-
maining body weight was calculated and the in-

testines were examined for distension.

Vero cell cytotoxicity assay (Emery et al.,
1992):

The ability of both Sulmonella serovars 1o pro-
duce cylotoxin was examined through inoculation
of the prepared culture supernatants from Salnmo-
nella serovars into Vero cells, and the inoculaied
Vero cell line was examined for the presence ol
cylopathic c‘:l’l"ecls. The cytopathic effect was ex-
amined at 12, 24, 48 and 72 hrs intervals. The de-
gree of cytopathic effect was recorded as 0, [, 2, 3
or 4 degrees corresponding to 0 to 25%: 25 (o
50% ; 50 to 75%: 75 to 9% and 90% or more ol

the Vero cell changes.
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Detection of haemolytic activity. (Koneman et
al., 1983):

Both 8. Ferruch and §. Teshic were grown onto
sheep blood agar plates, incubated at 37°C for 24

hrs and examined for the presence of o or B hae-

molysis,

Antibacterial susceptibility test:

This test was carried out on both serovars S. Fer-

ruch and §. Teshie according to Koneman et al.

(1983) and Quinn et al. (1994) using the antibac-

terial agents shown in Table (1):
Histopathological examination (Carlton, 1976):

Specimens from heart, intestine, liver and spleen
of the inoculated mice with Salmonella serovars
were collected immediately after sacrification of
the inoculated mice, and were taken in 10% neu-
tral buffered formalin. The fixed specimens were
then prepared as 5 micron thick paraffin sections
and stained with Haematoxalin and Eosin (H & E)

for microscopic examination.

Table (1): Antibacterial agents

Antibacterial agents symbol concentration
(Mg)
Ampicillin AMP 10
Chloramphenicol C 30
Ciprofloxacin Cip 5
Gentamicin GM 10
Neomycin N 30
Norofloxacin NoR 10
Streptomycin S 10

Trimethoprim - sulphamethoxazol 1.25 + 23.75 (SXT)

*The antibacterial discs were abtained from Oxoid Co.
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RESULTS

[1. Histopathological findings:

1. Intestine:

The intestinal lesions were recorded throughout
the expertmental period. Intestine of mice infect-
cd with §. Ferruch revealed sloughing of its cpi-
thelial lining, hyperactivity of intestinal glands
and mononuclear cell infiltration. In case of mice
group noculated with S. Teshie, the pathological
findings were necrosis of intestinal villi and
gt.iﬂ(i}; accompanied with mononuclear cells ag-

gregation (Fig. ).

2. Liver:

Liver of mice inoculated with S. Ferruch showed
mild degencrative changes at the [t day of the ex-
periment. Centrolobular necrosis of hepatocytes
was observed at the 5!h day of inoculation (Fig.2).
Necrobiotic changes, hyperplasia of bile duct with
mononuclear cells aggregation were secn at the
end of experimental period (Fig.3). Liver of mice
infected with §. Teshie showed swelling of hepa-
tocytes at the (5l day of infection, while massive
necrobiotic changes of hepatocyltes at the 5t day
post inoculation were scen (Fig.4). Focal mono-
nuclear cell aggregation at the portal area with te-
langectasis were seen at the end of experiment

(Fig.5).

Table(2): Serotyping and antigenic structure of the studied

Salmonella serovars.

Antigenic structure
Sc;]g;gcsli.la Group Somatic (0) Flagellar (H)
Phase 1 Phase 2
' S Tevnch Cs c.h 1.5
S. Teshie X 1,47 1,Z3.Z08| e.n,Z5

Table (3): Congo red binding activity of Salimonella serovars.

Salmonella
Serovar

Binding activity to Congo red

5. Ferruch

+ ve

S. Teshie

+ ve

7el.Med.J..Giza.Vol.50,No.3(2002)
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Table (4): Enterotoxigenic activity of salinonella serovars us-

ing Baby mice assay.

Salmonella Inoculated suckling mice .
serovar Intestinal Remaining . e
weighl body *Ratio
- weight
S. Ferruch 0.2511 2.850 0.088 + ver*
S. Teshie 0.2274 2.958 0.0768 -ve

* Ratio between intestinal weight to the remaining body weight.

*#% Positive result was more than 0.083

Table (5): Antibacterial susceptibility test.

Sensitivity of Salmonalla
. . Lo the antibacterial agents
Antibacterial Concentration
agents 1)
S. Ferruch S. Teshic
Ampicillin (AMP) 10 sensitive sensitive
Chloramphenicol (C) 30 Resistant Resistant
Ciprofloxacin (Cip) 5 sensitive sensitive
Gentamicin (GM) 10 - Resistant | Resistant
Neomycin (N) 30 Resistant | Resistant
Norofloxacin (NoR) 10 sensitive | sensitive
Streptomycin (S) 10 Resistant Resistant
Trimethoprim 1.25+ Resistant Resistant
sulphamethoxazol 2375
(SXT)
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3- Spleen:

Spleen of mice inoculated with §.  Ferruch,
showed depletion of lymphoid follicles and vas-
cular cedema (Fig. 6). Haemorrhage, eosinophilic
oedematous fluid, replacing the splenic parenchy-
ma were seen in mice inoculated with §. Teshie.

Also megakaryocytes were observed (Fig.7).

4- Heart:
Heart ol mice inoculated with §. Ferruch showed
mild degeneration of cardiac muscle. In case of S.

Teshie infection, focal hyalinosis of cardiac mus-

cle was seen (Fig.8).

Fig. (1)

Intestine of mice infeeted with S, Testie showing necrisis of in-

testinal villi wath mononuclear cells mliliration (H & B X 200).
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Fig. (7): Liver of mice infected with S.Ferruch (5151 day ol infection )
showed centrolobular necrosis of hepatocyles (H & E X 200).
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Fig. (3): Liver ol mice infected with S. Ferruch (8m day of infcction )
showing hyperplasia ol hile ducl and (ecal mononuclear cells
aggregation (H & E X 200).

gg AJ;IL “i‘{.‘

Fig. (4): Liver of mice infecied with S Teshic (5th day ol infection)
showing diffuse, exlensive necrobiotic changes of hepaloeytes
(H & E X 100).
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Fig. (5); Liver of mice infecled with S. Teshic (8& day ol infection
showing local mononuclear colls aggregalion and Iclangectasis
al blood vessels (H & E X 100)

Fig. (6): Spleen of mice inleeted with S, Ferruch showing depletion of
lymphold follicles and vascular ocdema (H & B X 100).
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Fig. (7): Spleen of mice infeeted with 5. Teshie showing haemorrhages,
cedema with prominant megakarocytes (H & E X 200).

Fig. (8): Hearl of mice infceted witk S, Teshie showing {ocal hyalinosis of
cardiac muscles (H & E X 100},
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DISCUSSION

Salmonella infection is of public health impor-
tance concerned with human and animals. It is
considered 1o be one of thc major zoonotic dis-

cascs ( Farid et al., 1987).

In an attempt to clarify the early pathogenesis of
Salmonelia, it was found that the organism in-
vades the epithelium of the small intestine
dunough their brush border or intracellular junc-
ton (Boyd, 1990). This process occurs through
time which could be detected as early as 2 hrs
witi adverse changes along with time after 12, 18
hrs as shown with §. Typhimurium (Varnam an

Evans, 1991).

Fhe ability of orally ingested Safmonella serovars
(o establish systemic infection is evident by detec-
tion ol the organisms in the intestine and liver by
s third hour post infection. The most evident
iterence ovwween Salmonella serovars Teshie
swdocerieen ss e ability o the former to invade
and muitpiy in heart bicod and spleen as early as
3 hrs. Inoculaied mice wore died within 9 days

post infection.

Histopatioomesi examination of intestine of in-
ocuiated imce with 5. Ferruch showed sloughing
of fwnua ¢ontwchialis and hyperactivity of intesti-

nal ghands. This type of mild enteritis is similar to

Vet.Med.d.,Giza.Vol.50,N¢.3(2002)

that caused by S. Anatmn, S. Newport, S. Reading
and §. Meleagridis as was reported by Flott et al.
{(1981) and Jones and Hunt {(1983). The intestinal
mucosa of infected mice with 8. Teshie showed
necrosis of intestinal villi and focal aggregation of
mononuclear cells. These findings are in accor-
dance with thosc described by Muir (1992) who
reported the same lesion in case of infection with

S. Paratyphi.

The histopathological allerations of liver tissues
of infected mice with §. Ferruch showed mild de-
generative changes followed by centrolobular ne-
crosis of hepatocyles and hyperplasia of bile duct
with mononuclear cells aggregation at the end of
the experiment. The suggestion of cenlrolobular
necrosis of liver may be resulted from destruction
of the efferent hepatic vessels due to endothelial
damage end by thrombosis under the effect of sal-

monella endotoxin.

On the other hand, the hepatic tissue of mice in-
fected with §. Teshie showed massive necrobioti.
changes of hepatocytes. Later on, focal aggrega-
tion of histeocytes specially in the portal traids
and telangiectasis were seen, these  findings
agreed with those described by Boyd (1990) and
Jubb et al. (1991) who recorded that, the liver in-
fected with §. Paratyphi revealed necrobiotic
changes of hepatocytes in addition to the pres-

ence of paratyphoid nodules which mostly simijar
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to that observed in 5. Teshie infection.

In spleen. S. Ferruch could be detected at the 7t
day of inoculation, although, S. Teshie could be
isolated from the spleen of the inoculated mice at
3 hrs intervals and the ninth day post infec-
tion.  Splecn of infected mice with §. Ferruch
showed depletion of white pulp and vascular oe-
demau, while in case of S. Teshie infection hae-
morrhages, oedema with permanent megakaryo-
cyles were observed, These findings may be
resulted from the effect of certain Safmonlia sero-

vars (Mc Gavin et al., 2001},

Although, §. Teshie could be detected from 3 hrs
afler mice inoculation, S. Ferruch was detected
only in heart at the 748 day of mice inoculation.
The heart showed mild degenerative changes in
case of mice infected with S. Ferruch, while heart
of mice infected with §. Teshie showed multiple
tocal hyulirnizcd areas. The necrobiotic changes of
the cardiac muscle may be due to Salmonella en-

dotoxins.

The presence of salmonella serovars in different
internal organs of orally inoculated mice could be
atiributed to systemic spread of Salmonella, the
possible route of the invasion and multiplication
of Safmonella in the lymphatic system from
which the organism spreads to all parts of the

body.
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Sulmonella causing infection, usualiy have one or
more virulence fuctors that may cnable the orgin-
ism to be established at the site of infection, in-
vades, survives and multiplies. One of these viru-
lence factors is the Congo red binding activity. It
ts worthy to mention that both S. Ferruch and S.
Teshie could bind Congo red dye (100%). The
property of the organism to bind Congo red dyc is
correlated with the invasiveness of the bacteria
(Maurelli et al., 1984 and Qadri et al.. 1988) and
also associated with pathogenicity and virulence
of Sulmonella (Albert, 1991, and Rombling et al,,
1998).

The enteroloxigenic activity of Salmonellu sero-
vars exhibited through baby mice assay showed
that S. Ferruch but not S, Teshie had the ability to

produce heat-stabie enterotoxin,

Non of Salmonellu serovars studied gave cytotox-
ic activity on Vero cells, this may be due to the
fact that the role of Salmonella enterotoxins to ex-
press the disease condition is far from clear, and it
is affected by complex factors including host and
the organism itsclf which sometimes could not oc-

cur in vitro {Wallis et al., 1986).

Blood haemolysis is also one character of virulent
miocroorganisms (Koneman et al., 1983), from
the obtained results it was found that both S. Fer-

ruch and §. Teshie were (B haemolytic serovars

Vet.Med.J.,Giza. Vol.50,No.3{2002)



indicating their virulence.

Thie results of antibacterial susceptibility test as
shown in table (4) showed multibacterial resis-
tance of both Sualmonella serovars as they were
resistant to chloramphenicol, gentamicin, neomy-
cin, streptomycin and trimethoprim sulphame-
thoxazol. Whercas both scrotypes were sensttive

-to ampicillin, ciprofloxacin and norofloxacin,

The multidrug resistance of Salmonella is a seri-
ous problem due to difficulties in their treatment,
as well as the possible transmission of antibiotic
resistance to other enteric bacteria through the
transmission of antibiotic resistant plasmid (Tas-
stos et al, 1997) with no response to different

therapeutic drugs.
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